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Minimal change disease

http://www.fondazionedamico.org/biopsiarenale_atlas/index.htm



Focal segmental glomerulosclerosis

http://www.fondazionedamico.org/biopsiarenale_atlas/index.htm



Membranous nephropathy

http://www.fondazionedamico.org/biopsiarenale_atlas/index.htm



Lupus nephritis

http://www.fondazionedamico.org/biopsiarenale_atlas/index.htm



The kidneys together are receiving roughly 20% 
of cardiac output.

The entire blood volume passes through the 
renal filter every 5 min.

Therefore, glomerular cells are constantly exposed to an enormous variety
of stimuli (blood pressure and content).

In this continuously varying environment, communication between
glomerular cells becomes essential to the maintenance of a correct
function of the glomerular filtration barrier.

Studies on this specific field are difficult because of the extremely
convoluted structure of the renal glomerulus, but we can expect advances
in the near future, given the enormous progresses in technologies that
make it feasible the creation and subsequent analysis of animal models.



Synaptic-like communication: 
a morphologically-driven hypothesis 

Highly ramified cells have a common cytoskeletal
organization, use a common machinery of process
formation, and have peculiar, specialised junctions, such as
the slit diaphragm in podocytes and the synaptic junction in
neuronal cells.
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Top biological processes ‐ ToppGene analysis
vesicle mediated transport: 72 genes
actin cytoskeleton organization: 39 genes
regulation of signaling: 99 genes
neurogenesis (74 genes), neuron projection development (52 
genes), axon guidance (33 genes)
biological adhesion: 59 genes 
response to oxygen levels: 19 genes
neuromuscular junction: 7 genes
chemotaxis:  38 genes
phagocytosis: 11 genes
striated muscle cell differentiation: 16 genes
muscle contraction: 20 genes

“The biological process analysis 
shows a strong neuronal character”
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At synapses, Ig-like 
adhesion molecules, 
among other synaptic 
adhesion molecules 
(such as cadherins, 
ephrins and ephrin
receptors) recruit 
synaptic vesicles, 
cluster neurotransmitter 
receptors, and link 
neurotransmitter 
receptors to scaffolding 
molecules, such as 
PSD95, to convey 
signals to the actin 
cytoskeleton.



Nephrin, normal rat kidneyNephrin, normal rat kidney



nephrin

nephrin-synaptophysin

nephrin-synaptophysinnephrin-synapsin-I

Primary 
neuronal cells

Primary podocytes

Nephrin: neurons and podocytes



Nephrin-NMDAR Nephrin-PSD95 PSD95-NMDAR
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Nephrin – glomeruli and podocytes



Nephrin green – NMDAR1 red

We propose nephrin as a synaptic adhesion molecule that
clusters glutamate receptors and connect them through
scaffolding molecules, such as PSD95, to the actin
cytoskeleton, in both neuronal cells and podocytes.



Conclusions
Podocytes use a neuron-like system of signalling,
which is important to maintain proper filter
capabilities. Variability among cells and presence
of spontaneous signalling are opening fascinating
research perspectives.

We are starting to better understand the
molecular and functional properties of this type of
communication, that can potentially be targeted
by a series of already existing drugs.

The molecules involved are altered in human
nephrotic syndrome, and their expression
changes, which need to be more systematically
analyzed, can be relevant to guide therapy.
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